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(57) ABSTRACT 

A device for compressive treatment of a body part comprises 
a compression member, adapted to at least partly encircle the 
body part, and an actuation unit, arranged to tighten the com 
pression member to provide a compressive force to the body 
part. The actuation unit comprises an active material actuator. 
There is also disclosed a system comprising Sucha device and 
methods for its therapeutic, cosmetic and non-therapeutic use 
and operation. 
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DEVICE, SYSTEMAND METHOD FOR 
COMPRESSION TREATMENT OF ABODY 

PART 

TECHNICAL FIELD 

0001. The present disclosure relates to a device for com 
pression treatment of a body part. The disclosure also relates 
to a system for compression treatment, comprising Such a 
device and to a method of compression treatment, using Such 
a device. 
0002. The disclosure further relates to actuators that can 
be used in the device for compression treatment, but also in 
other applications where a strap is to be tightened around an 
object. 

BACKGROUND 

0003 Compression therapies may be used for treatment 
and/or prophylaxis of a number of conditions, including, but 
not limited to, Deep Vein Thrombosis (DVT), vascular disor 
ders, circulatory disorders, edemas, heart conditions (treated 
by counterpulsation), lymphedema, burns and embolisms. 
Other areas of use may be stress therapy, massage therapy, 
blood pressure monitoring, fit adjustment mechanisms for 
prostheses and Suits for preventing pooling of blood in body 
parts of pilots or race car drivers subjected to G-forces. 
0004 US 2004/0073146 A1 discloses a portable device 
for enhancing blood flow in a limb with a view to decreasing 
the risk of developing a Deep Vein Thrombosis. The device 
comprises a strap, which is wound around the limb, and a 
housing comprising a motor, which is arranged pull the strap 
by a reciprocating motion, Such that a compressive force is 
applied to the limb. 
0005. The motor of US 2004/0073 146A1 is of an electro 
magnetic type, which provides low powerto weight ratio, and 
thereby a very bulky device. When combined with the low 
efficiency of the disclosed motors and power transmission 
elements, the result is a short battery life. Furthermore, the 
device would require a complex locking mechanism for hold 
ing the pressure during a period longer than that of the recip 
rocating motion. Also, due to the torque capabilities of con 
ventional electromagnetic motors, it would be difficult to 
meet the force requirements for Deep Vein Thrombosis pro 
phylaxis using this technology and in a compact format. 
Furthermore, as the reciprocating motion is produced through 
an intermediate mechanism and the tissue mechanics of every 
patient are different, there will be little to no control of the 
actual force output applied by the straps onto the patient. 
0006 US 2002/0173735A1 discloses a device for external 
counter pulsation treatment of a heart disease or circulatory 
disorder. The device comprises a cuff, which is to be wrapped 
around a patient’s extremity. The ends of the cuff are attached 
to each other such that electrical activation of actuators of the 
cuff will cause it to constrict. The actuators may be solenoid 
actuators, which typically provide a reciprocating motion. 
0007. The device of US 2002/0173735A1 is only suitable 
for impulse applications, since the Solenoid actuator cannot 
be made to retain a force for a period longer than that of the 
reciprocating motion, since a very high current would be 
required to provide for low frequency or static operation. This 
device also provides low power to weight ratio, resulting in a 
heavy device. Furthermore, the device is only capable of 
providing Small motions, due to the tight fitting requirements 
of the cuff. 
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0008 Furthermore, solenoid actuators are only capable of 
providing Small motions, thereby placing tight fitting require 
ments on the cuff. Motion limitations of the actuators will also 
limit the actual forces that one can apply to the patient as the 
patient's tissue compliance will have to be overcome to reach 
significant force levels. 
0009 U.S. Pat. No. 6,494,852 B1 discloses a portable 
ambulant pneumatic compression device, comprising a 
sleeve having inflatable cells, which are coupled to a conduit 
delivering a fluid from a control device. 
0010. The use of pneumatic actuation as disclosed in U.S. 
Pat. No. 6,494,852 B1 also provides low power to weight ratio 
and thereby makes the device bulky. Furthermore, efficiency 
of pneumatic devices is low, as they waste much energy in 
their compressors, valves, accumulators, conduits, and blad 
der expansion, in addition to wasting energy on each deflation 
cycle by venting the compressed air to the Surroundings. 
Hence. Such a device requires an oversized power unit and 
will provide short battery lives. The use of pneumatic blad 
ders also results in bulky, non-breathable garments around the 
patient's limb. 
0011 Compression devices having straps or cuffs com 
prising active material, that are intended to be wound around 
a body part, are illustrated in U.S. Pat. No. 5,997.465, U.S. 
Pat. No. 6,123,681, U.S. Pat. No. 6,198,204 B1, EP1324.403 
A1, US 2004/0167375 A1, WO 2004/093763 A1 and US 
2005/0043657 A1. These devices generally require large 
amounts of active material, and are therefore at present only 
suitable for high-cost applications. Some of the concepts 
shown in these documents also require active materials hav 
ing properties that cannot be achieved in large Scale produc 
tion or cannot be maintained over many actuation cycles with 
known materials. 
0012. Each of the configurations of the prior art would 
place undue burden on the active material properties. The 
materials are required to perform extreme combinations of 
stroke and force against patients, with widely varying geom 
etry and tissue compliance. Therefore either excessive mate 
rial or very high performance material is needed for the 
devices, leading to both high cost devices and increased reli 
ability and safety issues in practical devices. 
0013 Hence, there is a need for an improved device for 
compression treatment of a body part. 

SUMMARY OF THE INVENTION 

0014. One objective of this disclosure is to provide a 
device for compression treatment of a body part, which elimi 
nates or at least alleviates some or all disadvantages of the 
prior art. 
0015. One particular objective is to provide a device for 
compression treatment of a body part, having an improved 
power to weight ratio. 
0016 Yet another objective is to provide a device for com 
pression treatment of a body part, which can be produced at a 
reasonable cost. 
0017. Yet another objective is to provide a device suitable 
for ambulatory treatments with a long battery life. 
0018 Yet another objective is to provide a safe and easy to 
use means of applying compression treatments. 
0019. Yet another objective is to provide a device for com 
pression treatment, which can be made very compact and 
which can exhibit a low height from the body part and out 
wards. 
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0020. The above objectives are wholly or partially met by 
devices, systems and methods according to the appended 
independent claims. Embodiments are set forth in the 
appended dependent claims, in the following description and 
in the annexed drawings. 
0021. According to a first aspect, there is provided a device 
for compressive treatment of a body part. The device com 
prises a compression member, adapted to at least partly 
encircle the body part, and an actuation unit, arranged to 
tighten the compression member to provide a compressive 
force to the body part. The actuation unit comprises an active 
material actuator. By “active material' is understood a mate 
rial that exhibits strong coupling between energy storage 
mechanisms (strong being relative to coupling observed in 
other common materials). In particular, with respect to this 
disclosure, the term “active material' is intended to cover 
materials that exhibit strong coupling between electrical, 
chemical or thermal and mechanical energy storage mecha 
nisms (electromechanical, thermo-mechanical, electro 
thermo-mechanical or electro-chemo-mechanical). 
0022. Such materials have been categorized by the 
research community. Generally, such active materials are cat 
egorized into the following groups: electroactive polymers, 
electroactive ceramics and crystals, and shape memory mate 
rials. 

0023 Electroactive polymers (EAP) comprise E-field 
activated materials, such as ferroelectrics, piezoelectric, elec 
trostrictive, electrets, liquid crystal elastomers, Maxwell 
stress activated elastomers and composites thereof. Electro 
active polymers also comprise electrochemically activated 
conducting polymers; ionomeric polymer metal composites 
(IPMC), carbon nanotubes and electroactive polymer gels. 
Materials of this type are described and characterized in Bar 
Cohen Y. (editor): Electroactive Polymer (EAP) Actuators as 
Artificial Muscles. Reality, Potential, and Challenges, 2nd 
Edition, SPIE Press, Bellingham, 2004. 
0024. Electroactive ceramics and crystals comprise piezo 
electric, electrostrictive and piezoceramic-polymer compos 
ites, magnetostrictive materials and single crystal materials. 
Materials of this type are described and characterized Moul 
son A.J., Herbert J. M.: Electroceramics. Materials, Proper 
ties, Applications, 2nd Edition, John Wiley & Sons, West 
Sussex, 2003. 
0025 Shape memory materials include shape memory 
alloys, which may be temperature activated or H-Field acti 
vated, and shape memory polymers. Materials of this-type are 
described and characterized in Otsuka K. Wayman C. M.: 
Shape Memory Materials, Cambridge University Press, 
Cambridge, 1999. 
0026. It is recognized that in this rapidly evolving field that 
new materials are constantly being discovered or engineered. 
New active material actuators, possibly with exceptional per 
formance, could be developed from Such new materials and as 
Such, the embodiments in this application could be imple 
mented with such advanced actuators (and benefit from 
increased forces, power density or movement rate). 
0027. By using an active material actuator, it is possible to 
provide a compact compression device, which may be pro 
duced at a low cost, and which may be provided with suffi 
cient force capability. 
0028. The actuation unit may be arranged to stepwise 
tighten the compression member. By stepwise tightening the 
compression member, it is possible to utilize actuators that are 
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capable of very Small movements, which are repeated to 
provide a sufficient movement. 
0029. In the device, a gripping member may be connected 
to the actuator to perform a cyclic motion, and the gripping 
member may be arranged to engage a movable member, con 
nected to the compression member. The cyclic motion may be 
e.g. asymmetric, elliptical, Substantially circular or Substan 
tially reciprocating. 
0030 The movable member may, during a first part of the 
cyclic motion be movable with the gripping member, and 
during a second part of the cyclic motion be movable relative 
to the gripping member. Hence, during the first part of the 
cyclic motion, there may be no or very little relative motion 
(slippage) between the gripping member and the movable 
member, and during the second part of the cyclic motion, 
there may be slippage between the gripping member and the 
movable member, or complete disengagement. 
0031. During the first part of the cyclic motion, the grip 
ping member may be in a force-transferring engagement with 
the movable member, and, during the second part of the cyclic 
motion, the force-transferring engagement may be eliminated 
or substantially reduced. 
0032. The device may further comprise means for biasing 
the movable member and the gripping member towards each 
other. Such biasing means may increase the force capability 
of the actuation unit, and may take the form of e.g. springs or 
other elastic elements. 
0033. The gripping member may be provided with a wear 
resistant coating. Such coatings are per se known to the 
skilled person. 
0034. The gripping member may be provided with a grip 
enhancing coating. Such coatings are per se known to the 
skilled person. 
0035. The actuation unit may further comprise a second 
actuator and a second gripping member. The first and second 
gripping members may be coordinated and operate simulta 
neously or in an alternating manner. 
0036. The gripping member and the second gripping 
member may be arranged on opposite faces of the movable 
member. 
0037 Alternatively, or as a complement, the gripping 
member and the second gripping member may be arranged on 
the same face of the movable member. 
0038 A frequency of the cyclic motion may be in the 
range of about 1 to 200 Hz, about 0.2 to 20 kHz or about 20 
kHz to 1 MHZ. 
0039. The device may further comprise rectification 
means for providing a one-way motion of the movable mem 
ber. Such rectification may increase the force capability by 
reducing or eliminating slippage between the gripping mem 
ber and the movable member. 
0040. According to a first principle, the actuator may com 
prise an active region extending parallel with a direction in 
which the movable member is displaceable, wherein the mov 
able member has a Substantially planar or slightly curved 
portion facing the actuator, and wherein the gripping member 
protrudes from the actuator towards the movable member. 
0041. The active region is the part of the actuator which 
provides the motion. 
0042. In a first embodiment, amplification means may be 
provided by means of a morphology of the active material. 
0043. The actuator may comprise at least two electrode 
sets, each electrode set being operatively connected to an 
active material region of the actuator and individually con 
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trollable, and wherein the active material region of the actua 
tor is operatively connected to the gripping member. 
0044) The electrode sets may be controllable to control the 
movable member's direction of motion. 

0045. A first one of the electrode sets may be controllable 
to move the movable memberina first direction, and wherein 
the second electrode set may be drivable to move the movable 
member in a second, opposite direction. 
0046. The actuator may have at least one favorable reso 
nant or anti-resonant frequency, and wherein at least one of 
the electrode sets may be drivable at said favorable resonant 
or anti-resonant frequency. 
0047. The rectification means may be provided by the 
gripping member, during a portion of the cyclic motion 
wherein the gripping member is movable relative to the mov 
able member, being movable in a first direction a distance, 
which is greater than a distance by which a counterforce 
provided by a system comprising the body part and the com 
pression member during said portion of the cyclic motion is 
capable of moving the movable member in a second, opposite 
direction. 
0.048. In a second embodiment, the rectification means 
may be provided by the actuation unit comprising at least two 
gripping members, each gripping member being individually 
controllable to perform a respective cyclic motion. 
0049. In this embodiment, the gripping members may be 
arranged to be driven with a delay between their respective 
cyclic motions. Such that, at any point in time, at least one of 
the gripping members is in force-transferring engagement 
with the movable member. 
0050. According to a second principle, the active material 
may be connected to the gripping member via amplifying 
CaS. 

0051. The amplifying means may comprise a wave guid 
ing and/or wave shaping member, or an equivalent structure. 
0052. The active material and the amplifying means may 
be so arranged that a first driving frequency applied to the 
active material provides a first direction of the gripping mem 
ber's cyclic motion, and a second, different, driving fre 
quency applied to the active material provides a second, 
opposite direction of the gripping member's cyclic motion. 
0053. The rectification means may be provided by the 
gripping member, during a portion of the cyclic motion 
wherein the gripping member is movable relative to the mov 
able member, being movable in a first direction a distance, 
which is greater than a distance by which a counterforce 
provided by a system comprising the body part and the com 
pression member during said portion of the cyclic motion is 
capable of moving the movable member in a second, opposite 
direction. 
0054. In a third embodiment, the amplifying means may 
comprise a resonant horn, which is connected to the gripping 
member and to a housing or frame of the actuation unit. 
0055. The actuator may provided at an outer edge of the 
resonant horn. For example, the actuator may be provided at 
a node of the resonant horn. 

0056. The resonant horn may have a cross section, which 
tapers towards the gripping member. 
0057. In a fourth embodiment, the amplifying means may 
comprise a fin or an arm extending from the actuator to the 
gripping member. 
0058 At least two fins may extend from the actuator to a 
respective gripping member. 
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0059. According to a third principle, the movable member 
may be provided with means for positive interlocking with 
the gripping member. Such positive interlocking may provide 
said rectification means 
0060. The means for positive interlocking may comprise a 
ratchet structure extending in a direction parallel with the 
movable member's direction of motion. 
0061 The means for positive interlocking may comprise 
at least two parallel ratchet structures. 
0062. In a fifth embodiment, the ratchet structure may 
comprise a plurality of sequentially arranged teeth, each tooth 
having at least one locking Surface adapted for interaction 
with the gripping member. 
0063 Two adjacent locking surfaces may be spaced apart 
by a distance which is Smaller than the maximum-stroke of 
the actuator. 
0064. The actuator may comprise a first active region 
arranged to move the gripping member in a direction parallel 
with the movable member's intended direction of motion, and 
a second active region, arranged to move the gripping mem 
ber in a direction away from the movable member. 
0065. The first active region may be arranged to move the 
gripping member in a direction parallel with the movable 
member's intended direction of motion at a first speed, and a 
movement in a second, Substantially opposite, direction at a 
second, higher speed. 
0066. The second speed may be adapted to be sufficient to 
move the movable member in its intended direction of 
motion, in spite of a counter force from the compressed body 
part. 
0067. The gripping member and the movable member 
may, during said first and second movements, be biased 
towards each other. 
0068. In a sixth embodiment, a respective gripping mem 
ber comprising a respective hook, may be arranged to interact 
with the respective ratchet structure. 
0069. The gripping members may be arranged to be driven 
with a delay between their respective cyclic motions, such 
that, at any point in time, at least one of the gripping members 
is inforce-transferring engagement with its associated ratchet 
Structure. 

0070 According to a fourth principle, the movable mem 
ber may comprise a guide member extending Substantially 
parallel with its intended direction of movement, whereby the 
gripping member comprises first and second longitudinally 
spaced-apart clamp members, which are controllable for 
releasable engagement with the guide member, whereby the 
gripping member further comprises a longitudinal movement 
member extending between said clamp members, whereby 
the longitudinal movement member is controllably expand 
able and contractable in a direction parallel with guide mem 
ber. 
0071. The clamp members and the longitudinal movement 
member may be individually controllable. 
0072 The clamp members and the longitudinal movement 
member may be drivable in the following states: 

0.073 a) a locking state, whereby both clamp members 
are in a force-transmitting state relative to the guide 
member, 

0.074 b) a first movement state, whereby a first one of 
the clamp members is in a force-transmitting state rela 
tive to the guide member, wherein a second one of the 
clamp members is movable relative to the wall of the 
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space, and wherein the longitudinal movement member 
is expanded or contracted, and 

0075 c) a second movement phase, whereby the second 
one of the clamp members is in a force-transmitting state 
relative to the guide member, wherein the first one of the 
clamp members is movable relative to the guide mem 
ber, and wherein the longitudinal movement member is 
expanded or contracted. 

0076 According to a fifth principle, the actuator may be 
arranged to cause the gripping member to perform a recipro 
cating motion, having a component in a plane Substantially 
parallel with an intended direction of movement of the mov 
able member, whereby said rectifying means are provided 
for: providing a high friction between the gripping member 
and the movable member during a first part of said recipro 
cating motion, wherein the gripping member moves in a first 
direction in said plane, and providing low friction between the 
gripping member and the movable member during a second 
part of said reciprocating motion, wherein the gripping mem 
ber moves in a second, opposite direction. 
0077. The rectifying means may be provided between the 
gripping member and the movable member. 
0078. The rectifying means may be provided between the 
movable member and a base member, to which the actuator 
fixedly mounted. 
007.9 The rectifying means may comprise inclined 
microfilaments. 
0080. The rectifying means further comprises a ratchet 
structure arranged for interaction with said inclined 
microfilaments. 
0081. The device may optionally comprise means for at 
least partially disengaging said rectifying means, so as to 
allow relative motion between the gripping member and the 
movable member in both of said first and second directions. 
0082. According to a sixth principle, the actuation unit 
may be arranged to controla radial distance between the body 
part and the compression member, or a connection member 
connected to the compression member. 
0083. The actuation unit may comprise a mounting base, 
extending between two circumferentially spaced apart por 
tions of the compression member, or of the connection mem 
ber, and wherein a controllably bendable actuator element is 
provided to control a radial distance between the mounting 
base and the compression member or the connection member 
connected to the compression member. 
0084. A ratchet mechanism may be provided on the 
mounting base for interaction with an edge of the actuator 
element. 
0085. Opposing edges of the actuator element may engage 
respective ratchet structures, and a central portion of the 
actuator element may engage the compression member or 
connection member. 
I0086. In one embodiment, the movable member may be 
integrated with the compression member. 
0087. In one embodiment, the movable member may be 
formed in one piece with the compression member. 
0088. In one embodiment, the movable member may be 
fixedly attached to the compression member. 
0089. In another embodiment, the movable member may 
be connected to the compression member by a connection 
member. 

0090. In another embodiment, the movable member may 
be releasably attachable to the compression member. 
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0091. According to a seventh principle, the movable mem 
ber may comprise a rotatable part, which is rotatably arranged 
about a substantially central axis, and wherein the gripping 
member is arranged to act on a Surface of said rotatable part. 
0092. The gripping member may be arranged to engage a 
surface of the rotatable part, at a distance from the central 
axis, wherein a spindle is rotatable about said central axis and 
connected to the rotatable part, and wherein the compression 
member or a connection member, connected to the compres 
sion member, is windable onto the spindle. 
0093. A single compression member or connection mem 
ber may be windable onto the spindle. 
0094. Two or more compression members or connection 
members may be windable onto the spindle, and extend in 
essentially different directions from the central axis. 
(0095 Effective diameters of the rotatable part and the 
spindle member may be different. 
0096. At least two rotatable parts may be connected to the 
spindle, and a respective actuator may be arranged to interact 
with said rotatable parts. 
0097. The rotatable parts may be arranged substantially at 
a respective end portion of the spindle. 
0.098 Amplification means is provided by means of a mor 
phology of the active material. 
0099. The actuator may comprise at least two electrode 
sets, each electrode set being operatively connected to an 
active material region of the actuator and individually con 
trollable, and the active material region of the actuator may be 
operatively connected to the gripping member. 
0100. A first one of the electrode sets is controllable to 
move the movable member in a first direction, and the second 
electrode set may be drivable to move the movable member in 
a second, opposite direction. 
0101 The actuator may have at least one favorable reso 
nant or anti-resonant frequency, and at least one of the elec 
trode sets may be drivable at said favorable resonant or anti 
resonant frequency. 
0102 The actuation unit may comprise two actuators, 
which are individually drivable. 
0103) The actuators may be drivable at different phases. 
0104. At least one of the actuators may be arranged at an 
acute angle relative to the movable member. 
0105. At least one of the actuators may have at least one 
favorable resonant oranti-resonant frequency, and at least one 
of that actuator's electrode sets may be drivable at said favor 
able resonant or anti-resonant frequency. 
0106 According to an eighth principle, the actuator may 
comprise a motor, selected from a group consisting of a horn 
excitation type motor, a standing wave rotary motor, a dis 
placed traveling wave motor and an ultrasonic motor, the 
motor being operatively connected to a spindle, wherein the 
compression member, or a connection member, connected to 
the compression member, is windable onto the spindle. Such 
a motor may be a rotary motor. 
0107 The motor may be connected to the spindle via a 
power transmission mechanism. 
0108. A single compression member or connection mem 
ber may be windable onto the spindle. 
0109. Two or more compression members or connection 
members may be windable onto the spindle, and extend in 
essentially different directions from the spindle. 
0110. A rotatable output part of the motor may be coaxial 
with the spindle. 
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0111. The compression member may mainly be formed 
from one or more passive materials. 
0112 Such passive materials may, however, be e.g. elastic, 
compressible, rigid or flexible. 
0113. At least one actuation unit may be arranged in a 
direction parallel with the body part, and the compression 
member may extend in a Substantially perpendicular direc 
tion from said at least one actuation unit. 
0114. The actuation unit may be arranged to tighten two 
compression members extending in different directions, or 
two ends of a single compression member at least partly 
encircling the body part. 
0115. At least two actuation units may be arranged in 
parallel, each actuation unit being arranged to tighten at least 
one compression member. 
0116. The actuation units may be arranged to tighten the 
compression members by pulling them in opposite directions. 
0117. According to a second aspect, there is provided a 
device for compressive treatment of a body part, the device 
comprising an actuation unit, adapted to at least partly 
encircle the body part, the actuation unit being arranged to 
provide a stepwise compressive force to the body part, the 
actuation unit comprising an active material actuator, i.e. a 
material, which, upon electrical or electrochemical stimula 
tion, changes its geometric properties. 
0118. The active material actuator may be expandable and 
contractable in a circumferential direction. 

0119 The active material may have an expansion speed, 
which is higher than a contraction speed. 
0120. The actuation unit may comprise first and second 
portions, which are displaceable relative to each other in a 
substantially circumferential direction, the first portion being 
provided with a ratchet structure and the second portion being 
provided with a gripping member. 
0121 The actuation unit may comprise two gripping 
members, each gripping member's interaction with the 
ratchet structure, or a respective ratchet structure, being indi 
vidually controllable. 
0122) The gripping members may be arranged to be driven 
with a delay between their respective cyclic motions, such 
that, at any point in time, at least one of the gripping members 
is inforce-transferring engagement with its associated ratchet 
Structure. 

0123 The gripping member may be arranged at an outer 
most edge of the second portion. 
0.124. The ratchet structure and the gripping member may 
be biased towards each other. 
0125 The gripping member may comprise a second actua 
tor controlling a bendable element, arranged to engage said 
ratchet structure to maintain the compressive force to the 
body part. 
0126 The actuator and the bendable element may form a 
bi-layered structure. 
0127. The bendable element may be arranged to substan 

tially enclose an outer edge of the second portion. 
0128. The bendable element may be formed in one piece 
with the active material actuator. 

0129. A portion of the bendable element that is designed to 
contact the ratchet structure may be provided with a grip 
and/or wear enhancing coating. 
0130. The device may be sized and adapted to form a 
sleeve around the body part. 
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I0131 The device may be formed as a sheet having oppos 
ing edge portions provided with connection means for con 
necting said edge portions to each other to form said sleeve. 
0.132. The actuation unit and the compression member, if 
any, may form an active layer, the device may comprise at 
least one of a sensor layer, arranged between the active layer 
and the body part; an inner layer, arranged between the sensor 
layer, or the active layer, and the body part; and an outer layer, 
arranged outside the active layer. 
I0133. The inner layer and the sensor layer may be inte 
grated to form a disposable layer. 
I0134. Such a disposable layer may comprise means for 
mechanically and/or electrically connecting with the active 
layer. 
0.135 Such a disposable layer may comprise means for 
transferring a signal from the disposable layer to the active 
layer or to an control unit, which is external to the device. 
0.136. According to a third aspect, there is provided a sys 
tem comprising a device as described above, and a control 
unit, connected to the device and arranged to provide a control 
signal to the device. 
0.137 In the system, the device may comprise a sensor 
layer including at least one sensor element, wherein the con 
trol unit is arranged to receive a feedback signal from the 
SSO. 

0.138. The control unit may be at least partially integrated 
with the device. 

0.139. According to a fourth aspect, there is provided use 
of a device for compressive treatment of a body part as 
described above, for treating and/or preventing a condition 
selected from a group consisting of Deep Vein Thrombosis 
(DVT), a vascular disorder, a circulatory disorder, an edema, 
a heart condition, lymphedema and an embolism. 
0140. According to a fifth aspect, there is provided use of 
a device for compressive treatment of a body part as described 
above, for preventing or counteracting pooling of blood in a 
body part of a person subjected to a G-force. 
0.141. According to a sixth aspect, there is provided use of 
a device for compressive treatment of a body part as described 
above, for stress therapy, massage-therapy, blood pressure 
monitoring, or as a fit adjustment mechanism for a prosthesis. 
0142. According to a seventh aspect, there is provided 
non-therapeutic use of a device for compressive treatment of 
a body part as described above. 
0.143 According to an eighth aspect, there is provided use 
of a device for compressive treatment of a body part as 
described above, for non-medical purposes. Examples of 
Such non-medical purposes include cosmetic treatments such 
as cellulite reduction and breast stiffening. Other examples of 
non-medical treatment may include massage treatment for 
relaxation purposes. 
0144. According to a ninth aspect, there is provided a 
method for operating a device for compressive treatment of a 
body part, the method comprising tightening a member encir 
cling the body part to provide a compressive force to the body 
part, and controlling an actuation unit of the device, con 
nected to the member and comprising an active material 
actuator, to stepwise provide said compressive force. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0145 FIGS. 1a-1d schematically illustrate a body part, 
provided with a compression device. 
0146 FIG. 2 is a schematic perspective exploded view of 
Some constituents of a compression device according to an 
embodiment. 

0147 FIG. 3 is a schematic sectional view of an actuation 
unit according to a first embodiment. 
0148 FIG. 4 is a schematic cross sectional view of a body 
part provided with a compression device. 
014.9 FIGS. 5a-5c schematically illustrate actuation unit 
according to a second embodiment. 
0150 FIGS. 6a and 6b schematically illustrate part of an 
actuation unit according to a third embodiment. 
0151 FIGS. 7a-7c schematically illustrate an actuation 
unit according to a fourth embodiment. 
0152 FIGS. 8a–8b schematically illustrate an actuation 
unit according to a fifth embodiment. 
0153 FIG.9 schematically illustrates part of an actuation 
device according to a sixth embodiment. 
0154 FIGS. 10a–10a schematically illustrate an actuation 
unit according to a seventh embodiment. 
0155 FIG. 11 schematically illustrates an actuation unit 
according to an eight embodiment. 
0156 FIG. 12 schematically illustrates drive signals for 
the actuation unit of FIG. 11. 
0157 FIGS. 13a-13a schematically illustrate an actuation 
unit according to a ninth embodiment. 
0158 FIGS. 14a-14g schematically illustrate an actuation 
unit according to a tenth embodiment. 
0159 FIGS. 15a-15b schematically illustrate an actuation 
unit according to an eleventh embodiment. 
0160 FIG. 16 schematically illustrates an actuation unit 
according to a twelfth embodiment. 
0161 FIG. 17 schematically illustrates an actuation unit 
according to a thirteenth embodiment. 
0162 FIG. 18 schematically illustrates an actuation unit 
according to a fourteenth embodiment. 
(0163 FIGS. 19a–19b schematically illustrate parts of the 
actuation unit according to a version of the fourteenth 
embodiment. 
0164 FIGS. 20a-20b schematically illustrate parts of the 
actuation unit according to another version of the fourteenth 
embodiment. 
0.165 FIG. 21 is a block diagram, schematically illustrat 
ing components of the compression device. 
0166 FIG. 22 is a block diagram, schematically illustrat 
ing components of the compression device according to 
another embodiment. 
0167 FIG. 23 is a block diagram, schematically illustrat 
ing components of the compression device according to yet 
another embodiment. 
0168 FIGS. 24a-24b schematically illustrate gripping 
member designs according to a first embodiment. 
0169 FIGS. 25a-25b schematically illustrate gripping 
member designs according to a second embodiment. 
0170 FIGS. 26a-26e schematically illustrate designs for 
gripping members and/or movable members according to a 
third embodiment. 

(0171 FIGS. 27a-27 schematically illustrate further 
designs for gripping members and/or movable members. 
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(0172 FIGS. 28a–28f schematically illustrate further 
designs for gripping members and/or movable members. 

DESCRIPTION OF EMBODIMENTS 

0173 FIGS. 1a-1d, schematically illustrate compression 
devices 1 arranged around a respective body part 2. The body 
part illustrated is exemplifying only. It is understood that a 
compression device could be formed to fit any desired body 
part, such as a foot, a lower leg, an upper leg, a lower arm, an 
upper arm, a torso, abdomen etc. Each compression device 1 
comprises an actuation unit 10, which may have a connector 
12 for connection to e.g. an external power Supply (not 
shown), controller (not shown) or monitoring device (not 
shown). Also indicated is an outer fabric 13 of the compres 
sion device 2. Furthermore, the compression device 1 may 
have the form of a sheet, which is to be wrapped around the 
body part, whereby edge portions thereof are connected to 
each other by an attachment arrangement 11, which may have 
the form of a hook-and-loop device (such as Velcro(R), a 
Zipper, buttons, Strings, adhesive tape etc. As another option, 
the compression device could form a pull-on sleeve, i.e. a 
sleeve having no attachment arrangement. 
0.174. In the embodiments illustrated in FIGS. 1a-1b, a 
single actuation unit 10 is provided, whereas, in the embodi 
ments illustrated in FIGS. 1C-1d, two actuation units 10 are 
provided in parallel, with an electronics section 17, which 
may be arranged between the actuator units 10. 
0.175 FIG. 2 is a schematic perspective exploded view of 
Some constituents of a compression device according to an 
embodiment. In the embodiment illustrated in FIG. 2, the 
compression device comprises an outer layer 13 and an inner 
layer 16. For clarity, electronics, battery, cables, recharging 
unit etc. are not illustrated in FIG. 2. 
0176 Between the outer and inner layers 13, 16, there may 
be an actuator layer 14 arranged, comprising one or more 
actuation units 10 and, as the case may be, one or more 
compression members 20. 
0177. The actuation unit and compression members may 
be designed according to any of the embodiments described 
below. Combinations of such embodiments may also be pro 
vided. 
0.178 In the embodiment illustrated in FIG. 2, three actua 
tion units 10 are arranged on an optional flexible base 21, 
which extends in parallel with the body part 2 (FIG. 1). 
Compression members 20a, 20b extend from the actuators 
10, so as to at least partially encircle the body part 2 (FIG. 1) 
when the compression member is in use. 
0179. Furthermore, an optional sensor layer 15 may be 
provided between the actuator layer 14 and the body part 2. 
The sensor layer may comprise one or more sensors or sensor 
arrays 30, which may be used to measure e.g. pressure (e.g. 
Surface pressure or blood pressure), temperature, flow (e.g. 
blood flow), as needed in the treatment. 
0180. The sensor or sensors of the sensor layer may be 
connected to a control unit for providing feedback during use 
of the compression device. 
0181. The outer layer 13 may be selected so as to provide 
an attractive exterior to the compression device 2 and to 
protect the compression device against the external environ 
ment, e.g. fluids, dust, dander etc. 
0182. The outer layer may also be provided with a user 
interface, e.g. comprising one or more input devices. Such as 
buttons etc., and/or one or more output devices, such as a 
display, indicating lamps etc. 
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0183 The inner layer 16 may be selected so as to provide 
a smooth transition between the actuator layer and the body 
part 2. The inner layer 16 may also be selected so as to protect 
the compression device against fluids, dust, dander, etc. The 
inner layer may also be selected so as to absorb exudates. It is 
possible to provide the inner layer as e.g. a disposable stock 
ing or absorbent material. 
0184. It is recognized that the inner layer may comprise 
several layers, each performing a different function, and some 
of which being disposable and/or replaceable. 
0185. Also, one or more layers may be integrated with 
each other. For example, an inner layer could be integrated 
with the sensor layer, an outer layer could be integrated with 
the actuator layer and the sensors could be integrated on e.g. 
the inside of the compression members, i.e. integrated with 
the actuator layer. As another alternative, the actuator layer 
and the inner layer, and optionally also the sensor layer, may 
be integrated. As yet another alternative, all layers may be 
integrated, optionally with the actuation unit forming a 
removable and reusable part. 
0186 The actuation unit 10 comprises an active material 
actuator, as defined above. Examples of active materials 
include materials such as piezoceramics, electrostrictive 
ceramics, magnetostrictors, H-field activated memory alloys 
and ferroelectric polymers (e.g. piezoelectric, electrostric 
tive, Maxwell-stress and composites). 
0187 Further examples of active materials include con 
ducting polymers, carbon nanotubes, IPMCs and temperature 
activated memory alloys. 
0188 Yet further examples of active materials include 
gels, memory polymers (temperature or pH activated). 
0189 The actuation unit may be arranged to stepwise 
tighten the compression member, Such that a desired com 
pression stroke is produced by the actuator performing at least 
two, preferably a large number of movement cycles or steps. 
0190. For example, piezoceramics, electrostrictive ceram 
ics and meanetostrictors may use tens to hundreds of thou 
sands of cycles or steps for producing a desired compression 
stroke. 
0191 Memory alloys, conducting polymers, IPMCs and 
Some ferroelectric polymers may use hundreds to thousands 
of cycles or steps for producing a desired compression stroke. 
0.192 Some ferroelectric polymers and some conducting 
polymers may use tens to hundreds of cycles or steps for 
producing a desired compression stroke. 
0193 Generally, a large number of steps may be desirable 
for simplifying any existing feedback mechanism, since the 
pressure difference between two cycles or steps may be neg 
ligible. 
(0194 Furthermore, in view of the cyclic behavior of the 
actuator, in order to provide a motion for tightening the com 
pression member 20 around the body part, rectification means 
may be needed, or otherwise the compression member would 
merely move back and forth with a frequency corresponding 
to that of the actuator operation frequency, and with a very 
low, practically ineffective, amplitude for compressing the 
underlying body part. 
0.195. In some embodiments, the rectification means may 
be provided by means of the actuator performing an asym 
metric or elliptical motion. For example, an asymmetric 
motion may be provided by the actuator morphology, and 
may be provided by benders, stacks, cymbals, multi-DOF 
actuators. Optionally, two or more actuators may operate in 
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parallel with a phase lag to produce the movement, in which 
case the actuators may also be symmetric. 
0196. Rectification means may also be provided by driv 
ing the active material in a resonant oranti-resonant vibration 
mode, e.g. using multiple electrodes, asymmetrically shaped 
actuators, coupled modes, traveling waves or even multiple 
actuatOrS. 

0.197 An interfacing mechanism may be provided 
between the actuator and a gripping member, performing the 
asymmetric or elliptical motion. Use may be made of the 
interfacing mechanism's resonant or anti-resonant modes, 
e.g. by giving it a Suitable shape. The interfacing mechanism 
may also be used for providing amplification of the move 
ment. 

0.198. It is also possible to use multiple actuators operating 
in parallel with a phase lag. 
0199 Yet another alternative is to provide micro or meso 
scale ratchets on the gripping member or on the movable 
member. It is also possible to provide a principle actuator for 
the advancing or retreating movement and a secondary actua 
tor for controlling the interaction between the gripping mem 
ber and the movable member. 
0200. It is further recognized that using a “hopping actua 
tor may require the hop frequency to be higher than the 
dynamic characteristics of the body and compression mem 
ber, so that the compression member will not move (slip) 
inadvertently with respect to the actuation unit during the part 
of the actuator cycle when there is little or no force being 
transferred. 
0201 Also, if silent operation is desired, the hop fre 
quency should be more than 20 kHz. 
0202 Lower frequency hopping may be combined with an 
inertial locking arrangement to prevent slippage. 
0203 “Double clamping can be provided by coordinated 
operation of two or more actuators, wherein at least one 
actuator has hold of the movable member at any given time. 
0204 The embodiments disclosed herein all provide self 
locking on power down, either by frictional engagement or by 
positive interlocking, i.e. they move when power is applied 
and retain the movable member when no power is applied. 
Hence, the actuators only consume power during periods of 
moVement. 

0205 The compression member may be a generally thin, 
optionally breathable harness or strap that is flexible and/or 
bendable enough to adapt to the shape of the body part. 
Optionally, the compression member may be resilient. 
0206. The compression member 20 may, in particular 
where there is only one actuation unit on one side of the body 
part, comprise two layers, one that moves due to the action of 
the actuation unit, and one that is Substantially stationary 
relative to the body part. Preferably, the friction between the 
layers should be low, so as to not transfer shear forces to the 
body part. Alternatively, the compression member may 
exhibit low friction relative to the inner layer 16. 
0207 Optionally, the compression member may be 
shaped so as to match a contour of the body part. 
0208. The attachment arrangement 11 may be provided 
on, or connected to, the compression member 20. 
0209. The compression member 20 may be provided in 
different sizes or lengths, and may be exchangeable, to fit 
differently sized body parts. 
0210 Also, the stiffness of the compression member 20 
may be selected to fit the intended application: more stiff for 
DVT prophylaxis and other high speed or impulse type com 
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pression treatments, and less stiff for more pseudostatic com 
pression treatments, such as VLU or lymphedema. 
0211. The compression member 20, together with the 
inner and/or outer layers 13, 16 and optionally the sensor 
layer 15 may be made from low-cost materials, and may be 
incorporated in a disposable package for reasons of steriliza 
tion or for compromises in lifetime/performance. 
0212. The description will now be directed to different 
embodiments of the actuation unit 10. 
0213 Most of the following embodiments are intended for 
E-field activated materials (i.e. ferroelectrics), but may be 
provided using other types of active materials. 
0214. For example, an electrochemically activated poly 
mer version would require an electrolyte and a counter elec 
trode to ensure reliable operation over several cycles. A tem 
perature activated memory material would require a heating 
Source (resistive or fluid/air delivery system) and a means of 
cooling, such as a heat sink, fluid/delivery or Peltier device. 
0215. The devices may have slight differences due to the 
expansion/contraction characteristics of the materials. For 
example, polymers and ceramics, when excited, often expand 
along a principal axis, while contracting along another axis, 
whereas memory alloys can be made to contract. The driving 
signals could be different in terms of Voltage, current, oper 
ating frequency and waveform. Some materials, e.g. memory 
alloys, may require a bias spring to return them to their 
original configuration. Such a spring could be implemented 
directly into the actuator or double as a bias spring, as indi 
cated in the examples. 
0216. In some of the disclosed embodiments, the actuator 
may pull directly on the compression member. However, this 
is not necessary, and sometimes not even desirable. Instead a 
connection member may be provided, which may be attached 
or attachable to the compression member, while another part 
of it interacts with the actuator. This may be desirable to 
prevent exudates from entering into region of actuator con 
tact. Also, it may be desirable to use the connecting member 
to transform energy between the actuator and the compres 
sion member to better match body and actuator dynamics, to 
improve lifetime or to enable reuse of the actuator and its 
connection member, while the compression member may be 
disposable. 
0217. In all embodiments, a mechanical “fuse' may be 
provided to protect the user and/or the actuator against exces 
sive forces. Examples of Such fuses may be a hook-and-loop 
type fastener a fabric with a designed-in breaking strength, 
commonly used fasteners such as buttons or quick release 
Snaps, or a Super elastic/plastic fabric/material with a plateau 
in its stress strain behavior. Such fabrics and materials are 
known to the skilled person in field of medical compression. 
0218. Alternatively, a mechanical fuse may be provided 
by designing the gripping member and the movable member 
so as to slip when the force exerted by the compression 
member on the movable member exceeds the friction force 
between the gripping member and the movable member. 
0219 FIG. 3 is a schematic sectional view of an actuation 
unit 100 according to a first embodiment, which may be 
arranged as indicated in FIGS. 1a-1d, 2 and 4. As a non 
limiting example, this embodiment may be provided using a 
resonant active material multiple electroded bender. In such a 
device, recitfication may be achieved by a friction interface. 
The actuation unit 100 may extend in a direction perpendicu 
lar to the section, along the entire or part of the compression 
device 1. 
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0220. The actuation unit 100 comprises a housing 107a, 
107b, wherein a first part 107a of the housing holds a flexible 
substrate 102, on which an actuator 101 is arranged. The 
actuator has a gripping member 106 protruding from the 
actuator and towards the second part 107b of the housing. The 
second part of the housing holds a bias spring 103. 
0221) A movable member 120, which may be integrated 
with or connected to the compression member, is clamped 
between the bias spring 103 and the gripping member 106. 
The flexible substrate 102 may be arranged to provide addi 
tional biasing of the gripping member 106 towards the mov 
able member 120. 
0222. The actuator 101 may be provided as a resonant 
active material, having built-in amplification, rather than a 
separate amplification mechanism. By using two electrode 
sets 104,105, the actuator 101 and thereby also the gripping 
member 106, can in a per se known manner, be given a 
two-dimensional movement, as indicated by reference 
numerals R1 and R2. The phase between the electrodes can be 
used to control direction (R1 or R2) and speed of the gripping 
member's motion. Also, the power density will be higher if 
both electrode sets 104,105 are driven than if they are excited 
individually. 
0223 Details on how to provide the actuator may be found 
in U.S. Pat. No. 6,765,335 B2, US 2002/0074901 A1 and U.S. 
Pat. No. 6,870,304, the entire contents of which are incorpo 
rated herein by reference. 
0224. The force capability of this embodiment is largely 
determined by the bias spring, the attainable amplitude of the 
out of plane bender motion and the equivalent elasticity of the 
movable member 120 and the actuator 101. Also, the provi 
sion of a high strength flexible substrate 102 increases the 
force capability by providing Support for the active material, 
better acoustic quality and higher fatigue strength, allowing a 
larger biasing force between the gripping member and the 
movable member, without damaging the active material. This 
also allows for shaping the vibration waves for resonant 
operation. 
0225. Thus, the direction of movement (D1 or D2) of the 
movable member 120 is controlled by the movement (R1 or 
R2) of the gripping member 106. 
0226 FIG. 4 is a schematic cross sectional view of a body 
part 2 provided with a compression device. For illustration 
purposes, this compression device comprises four actuation 
units 100a, 100b, 200, 300, 400, 500, 600, 700, 800, 1000, 
1300, 200", 900, 1100 and 1200, which may be selected 
arbitrarily from those described in the present disclosure. 
0227. A first actuation unit arrangement is provided in the 
upperpart of FIG. 4, this arrangement comprising two single 
direction actuator units, 100a, 100b, 200, 300, 400, 500, 600, 
700, 800, 1000, 1300, which are arranged on a flexible base 
21 and connected to a respective movable member, which 
may be integrated with or connected to the compression 
member 20. The actuator units 100a, 100b each pull on a 
respective compression member 20 in the direction D1 to 
tighten the compression member. 
0228. A second actuation unit arrangement is provided in 
the lower left part of FIG. 4, this arrangement comprising a 
two-direction actuation unit 200", 900, 1100, i.e. an actuation 
unit arranged to simultaneously pull on two compression 
members 20. This actuation unit may also be mounted on a 
flexible base 21. 
0229. A third actuation unit arrangement is provided in the 
lower right part of FIG. 4, this arrangement comprising a 
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radially expanding actuation unit 1200, which pulls by 
expanding in a radial direction DR may pull one or two 
compression members 20. 
0230. This actuation unit may also be mounted on a flex 
ible base 1221. 
0231. Furthermore, in FIG.4, there is indicated an attach 
ment arrangement 11, which may be used to connect two 
edges of the compression device so as to form a sleeve, and 
also to adjust the size of the compression device. 
0232. It is recognized that one or more of the actuation unit 
arrangements may be provided, as required, in the compres 
sion device. 
0233 FIGS. 5a-5c schematically illustrate an actuation 
unit 200 according to a second embodiment, in which a power 
transmission mechanism 208 is provided between a gripping 
member 206 and a spindle 209, upon which a compression 
member 220, or a connection member, connected to the com 
pression member 220, is wound. The actuator of 
0234 FIGS. 5a-5c may use a resonant active material, 
Such as piezoceramics, e.g. in the form of a multiple elec 
troded stack or bulk material driven at a suitable resonant or 
anti-resonant frequency. FIG. 5a illustrates one half of the 
actuation unit 200, which may be symmetric about the line of 
symmetry L. The actuator 201 with the electrode sets 204, 
205 and bias springs 203 may be provided in a housing 207, 
similar to the embodiment of FIG. 3. 
0235 However, instead of the gripping member 206 act 
ing directly upon the compression member 220, the gripping 
member 206 acts upon a contact surface 210 of a wheel 208 or 
disc shaped structure. Hence, the wheel 208 forms a movable 
member. The contact surface 210 may be provided at an outer 
diameter of the wheel, whereby the spindle 209, having a 
Smaller diameter, may be fixedly connected to, and rotatable 
with, the wheel 208, about a common axis. Hence, the ratio 
between the contact surface 210 and the spindle will consti 
tute a gear ratio of the power transmission mechanism. 
0236 FIG. 5b illustrates a single direction actuation unit 
200, whereas FIG.5c illustrates a two direction actuation unit 
200' pulling on two compression members 220a, 220b. 
0237. The wheel 208, or at least the contact surface 210 
may be made from a wear resistant material. Such as a ceramic 
or a metal. 
0238. The actuation unit 200, 200' may be provided with a 
single actuator, or with dual actuators, operating on wheels 
placed at different ends of the spindle 209. The phase between 
the electrode sets can be used to determine direction of 
motion and speed. 
0239. Other transmission mechanisms than a spindle may 
be used. 
0240. The actuator of FIGS. 5a-5c may, as an example, 
also be designed similar to that of FIG. 3, reference being 
made to U.S. Pat. No. 6,765,335 B2, US 2002/0074901 A1 or 
U.S. Pat. No. 6,870,304, the entire contents of which are 
hereby incorporated herein by reference. 
0241 FIGS. 6a and 6b schematically illustrate part of an 
actuation unit 300 according to a third embodiment, the 
actuator of which can be provided by a resonant motion 
amplification mechanism utilizing multiple vibration modes 
or coupled vibration modes of a resonant horn or actuator. 
0242. In FIGS. 6a and 6b, the housing has been left out for 

clarity. A pair of actuators 301a, 301b, have been arranged 
with a respective fastening point 311 to a housing or frame of 
the actuation unit 300, and connected to an amplifying struc 
ture 312, which may be e.g. a micro-molded horn of metal or 
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low acoustic loss polymer. The horn may have one or more 
further fastening points to the housing or frame of the actua 
tion unit 300. 

0243 Furthermore, the amplifying structure 312 may be 
provided with a gripping member 306, which is to interact 
with a movable member 320, which may be the compression 
member or a connection member connected thereto. A bias 
spring 303 may be arranged between a fastening point 313 
and the movable member 320, such as to provide a friction 
force between the gripping member 306 and the movable 
member 320. 

0244. The gripping member 306 and/or the movable mem 
ber 320 may be provided with a wear resistant coating, such 
as chrome, ceramic or an engineered polymer coating. The 
gripping member 306 and/or the movable member 320 may 
also be provided with a friction enhancing coating or Surface 
structure. The actuators 301a, 301b may be driven at prede 
termined frequencies for causing the amplifying structure 
312 to provide an advancing or retreating movement (R1,R2) 
of the gripping member 306 and a corresponding advancing 
(tightening) R1 or retreating (releasing) D2 movement of the 
movable member 320. 

0245. To enable a high force to be achieved, the actuator 
should be positioned at side nodes of the resonant horn 312 as 
illustrated in FIG. 6a. Also, asymmetry in the gripping mem 
ber movement enhances force capability by providing a grip 
ping member force vector towards the movable member, 
which is inclined relative to the movable member and having 
components both parallel with and perpendicular to the 
intended direction of movement D1. 

0246 Additional force capability may be provided by pro 
viding dual actuators, one on each face of the movable mem 
ber 320. 

0247. It is also possible to arrange the amplifying structure 
312 so that the gripping member 306 will act upon a trans 
mission mechanism, as was described with respect to FIGS. 
5a-5C, FIG. 9 and FIG. 17. Such a transmission mechanism 
may further increase force capability. 
0248. The appropriate excitation frequencies for this con 
figuration depends highly on the form of the resonant horn 
structure. The lateral and transverse movement of the grip 
ping member can be determined as functions of frequency. 
Those functions may, in turn, be determined by the shape, 
fastening points, actuator inputs and mechanical properties of 
the resonant horn. In particular, the horn shape can have a 
major effect on the achievable level of amplification. As the 
horn shape is necked downto the gripping member, the vibra 
tion amplitude within the material will increase in correspon 
dence with the necking. Thereby, the maximum vibration 
amplitude can be achieved at the gripping member and the 
resulting force output can be maximized. Generally computer 
simulation is required to optimize the parameters for a par 
ticular design. 
0249. The horn illustrated in FIGS. 6a-6b is not a produc 
tion-ready embodiment, and may therefore need optimization 
in terms of the camber of the incline towards the gripping 
member, angles of each leg of the horn, actuator and fastening 
point positioning, material selection at the fastening point 
(attachment method), required gripping member size and 
general equations of the mold outline to maximize wave 
channeling, and due consideration of manufacturing toler 
aCCS, 
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(0250 Preferred actuators for the embodiment of FIGS. 
6a-6b include E-field activated polymer materials, ceramic/ 
crystal materials, magnetostrictive materials or H-field acti 
vated memory material. 
0251. The illustrated direction DA of movement of the 
actuator are merely one option, and may also need optimiza 
tion as described above. 
0252 FIGS. 7a-7c schematically illustrate an actuation 
unit 400 according to a fourth embodiment, which can be 
provided as an actuator similar to the one described with 
respect to FIGS. 6a and 6b. 
0253. In this embodiment, the actuation device 400 com 
prises a housing 407 and one or more actuators 401, which 
extend in a plane that is Substantially parallel with a plane in 
which the movable member 406 is to move. From a surface of 
the actuator facing the movable member 420, a plurality of 
gripping members 406 protrude, whereby a respective ampli 
fication structure 412 is provided between each gripping 
member 406 and the actuator. Actuators may be arranged on 
one or both sides of the movable members 420, as is illus 
trated in FIGS. 4b and 4c. 
0254 The actuators may be biased by bias springs 403 
towards the movable member 420, and electrodes 404, 405 
and 414 may be provided similar to what was disclosed in 
FIGS. 3 and 5a-5C. 
0255 Referring to FIG. 7c, the amplifying structure 412 
may be designed to provide the gripping member 406 with a 
first movement component B1, e.g. by a bending movement 
of the amplifying structure. Furthermore, the amplifying 
structure 412 may be designed to provide the gripping mem 
ber with a second movement component E1, e.g. by an exten 
sion movement of the amplifying structure 412. 
0256 By controlling the driving frequencies and/or phase 
applied to the electrodes 404, 405, advancing (R1, D1) or 
retreating (R2, D2) movement of the movable member 420 
may be provided by combining out of phase B1 and D1 
vibratory motions, wherein the phase shift between B1 and 
E1 and the magnitudes of B1 and E1 are functions of fre 
quency. Those functions may be determined by the shape, 
fastening points and mechanical properties of the resonant 
horn. 
0257 To achieve a high force with the embodiment of 
FIGS. 7a-7c, the number of gripping members 406 should be 
maximized. In reality, manufacturing tolerances may limit 
the number of gripping members that can be provided at a 
commercially viable cost. 
0258. The configurations illustrated in FIGS. 6a-6b and 
7a-7c enables a very thin actuator to be provided, while 
maintaining high force capability, as they allow as much 
active material as possible to be arranged in a low profile 
design. For example, the actuators illustrated in 
0259 FIGS. 6a-6b and 7a-7c can be made as thin as 3-6 
mm, while being 30-40 mm long, in the direction parallel with 
the body part. The actuator configuration in e.g. U.S. Pat. No. 
6,870,304 cannot achieve this, since the vibration source 
therein is always configured in a transverse way to the push 
ing mechanism. Hence, the actuators of U.S. Pat. No. 6,870, 
304 require a transmission mechanism, e.g. as described 
herein with respect to FIGS. 5a-5c. 
0260 FIGS. 8a–8b schematically illustrate an actuation 
unit 500 according to a fifth embodiment. In this embodi 
ment, the actuation unit 500 comprises a housing 507, in 
which a resonant traveling wave rotary motor, a standing 
wave rotary motor, a displaced traveling wave motor, agen 
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eral rotary ultrasonic motor or a similar motor 501 is 
arranged. Such motors are known to the skilled person. An 
output axis (not shown) of the motor 501 is connected via a 
transmission mechanism 518 to a spindle 509, arranged 
between spindle mounts 515a, 515b. The spindle may be 
arranged analogously to FIGS. 5a-5c. 
0261. The transmission mechanism of FIGS. 8a and 8b 
comprises a first gearwheel in contact with the output axis of 
the motor and a second gearwheel, which is in angular contact 
with the first gearwheel and connected to the spindle 509. 
Whereas gearwheels is one option, friction wheels may be 
another option for the transmission mechanism. 
0262 Depending on the direction of rotation of the motor 
501 (R1 or R2), the compression member 520 may be wound 
on (D1) or off (D2) the spindle. The rotation direction and 
speed of the motor may be controlled by phase between 
excited rotor sections, i.e. traveling wave speed. 
0263. The motors referred to in connection with FIG. 
8a-8b can also be mounted directly on the spindle axis, pro 
vided that sufficiently high torque may be provided. 
0264. For a further description of ultrasonic motors, ref 
erence is made to Toshiku, S., Kenjo T.: An Introduction to 
Ultrasonic Motors, Clarendon Press, Oxford, 1993. 
0265 FIG.9 schematically illustrates part of an actuation 
unit 600 according to a sixth embodiment. In this embodi 
ment, which is similar to the one described with reference to 
FIGS. 5a-5c, a pair of separate actuators 601a, 601b are 
arranged at an inclined, preferably acute, angle to a wheel 
608, one actuator for each direction. The wheel 608, in its 
turn, is connected to a spindle 609, upon which the compres 
sion member 620, or a connection member connected thereto, 
may be wound. Thus, by activating a first actuator 601a, the 
gripping member 606 will move in the direction indicated by 
reference numeral R1, whereby the compression member 620 
will move in the direction indicated by reference numeral D1. 
Oppositely, by driving the second actuator 601b, the gripping 
member 606 will move in the opposite direction R2 and the 
compression member 620 will move in the opposite direction 
D2. Alternatively, the actuators may be driven together with a 
phase difference to provide similar effects. The actuators, 
which may each be provided with a stack configuration or as 
bulk actuators, may be driven at their respective 1st longitu 
dinal resonance or anti-resonance frequency. 
0266 The actuators 601a, 601b may be mounted relative 
to the housing 607 using elastic mounts 603. 
0267. The actuators may also comprise multiple electrode 
sets, such that a combination of bending and longitudinal 
vibration can be established in each actuator. This allows for 
a more controlled elliptical motion to be produced by the 
gripping member. 
0268 FIGS. 10a–10a schematically illustrate an actuation 
unit 700 according to a seventh embodiment. In this embodi 
ment, the actuation unit 700 comprises a housing 707a, 707b, 
through, or into, which a compression member 720, or a 
connection member connected thereto, is slidable. The com 
pression member 720 may be provided with a ratchet struc 
ture 722, comprising at least two, preferably a plurality of 
locking Surfaces 722a and a Substantially corresponding 
number of ramp surfaces 722b. The locking surfaces 722a 
may all face the same direction, typically the direction D2 in 
which the locking effect is to be achieved. 
0269. An actuator, which may comprise first and second 
actuator sections 701a, 701b, may be arranged on one, or 
both, faces of the compression member 720. A first actuator 
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section 701 a may have an elongate cross section forming an 
acute angle relative to the compression member 720, and may 
be extendible upon activation, so as to engage the locking 
surface 722a, thereby pushing the compression member 720 
in the direction indicated by reference numeral D1. The out 
ermost part of the actuator may form a gripping member 706 
adapted for interaction with the ratchet structure 722. 
(0270. The actuator 701a, 701b and the compression mem 
ber 720 may be biased towards each other by biasing springs 
703a, 703b. 
0271 The second actuator section 701b, which is optional, 
may be arranged to bend the actuator, Such that the gripping 
member 706 is moved away from the engagement with the 
ratchet structure 722. 
(0272 FIGS. 10b-10d illustrate a movement sequence of 
the actuation unit 700 illustrated in FIG. 10a. 
(0273. In a first phase, illustrated in FIG. 10b, the first 
actuator section 701a is extended, preferably slowly, while in 
contact with a locking surface of the ratchet structure 722, so 
as to move the ratchet structure 722 and the compression 
member 720 in the direction DA1. 
0274. In a second phase, illustrated in FIG. 10c, the first 
actuator section 701a is contracted at a speed higher than the 
extension speed in the first phase, so as to engage the locking 
Surface to the right of the locking Surface engaged in the first 
phase. Hence, the gripping member will move as indicated by 
the arrow DA2. Typically, the speed of this phase must be 
higher than the first natural mode of the system created by the 
body part and the compression member. 
0275 Typically, the maximum step time for this second 
phase must be less than the associated response time of the 
system created by the compression member and the body 
part. For applications where the compression member is rea 
sonably stiffin comparison to the body part, the elastic recov 
ery of the body part will determine the slowest allowable step 
time. In applications where the compression member is rea 
sonably soft in comparison to the body part, the elastic recov 
ery of the compression member will determine the slowest 
allowable step time. 
(0276 Preferably the step time for this phase may be 5% or 
less than the recovery time for the system created by the 
compression member and the body part to ensure Suitable 
compression dynamics and overall efficiency. 
0277. The first and second phases are repeated to macro 
scopically advance the compression member 720 in the D1 
direction. 

0278. In a third phase, illustrated in FIG. 10d, the second 
actuator 701b is activated, so as to cause the gripping member 
to move away from the ratchet structure 722, thereby allow 
ing a free movement of the compression member also in the 
D2 direction. The gripping member will thereby move in the 
direction indicated by the arrow DA3. The first and second 
actuator sections may be arranged as a bi-layer structure, 
whereby a bending movement is achievable by actuation of 
the second actuator section 701b. The movements of the first 
and second actuator sections can be coordinated to reduce 
stresses on the sections and boost performance. Such coordi 
nated movement of actuator sections 701a and 701b can also 
Smooth out operation of the device thereby extending com 
ponent lifetime, reducing step vibration transmission to the 
housing or reducing audible noise. 
0279. The rapid return of the second phase may be pro 
vided in different ways depending on the type of actuator 
used. E-field activated materials may be short-circuited. Con 
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ducting polymers may be subjected to rapid reverse Voltage 
and temperature activated memory alloys may be rapidly 
heated. 

0280. The ratchet structure 722 may be nano or mesoscale 
and molded directly into the compression member or the 
connection member. The ratchet structure provides for recti 
fication and high force capability. 
0281. The actuators described with respect to FIGS. 10a 
10d may take larger steps than the ones previously described, 
typically from about 100 micronto about 1 mm or more. They 
also require more active material or larger energy density 
materials. Although Such embodiments may require more 
active material, or larger energy density materials, than pre 
vious examples to achieve similar power output, they have 
Some significant advantages over resonant drive approaches, 
Such as longer life of the gripping member and connecting 
member, lower operating stresses at the gripping member 
(allowing for higher friction material selection Such as poly 
mers and elastomers), quieter operation (can be driven at less 
than 20 kHZ), lower manufacturing tolerance requirements, 
more control of the gripping member movement and poten 
tially higher holding force due to the ability to use strong 
interlocking Surfaces between the gripping member and the 
connecting member. 
0282. A pair of coordinated actuation units such as the one 
described in FIGS. 10a-10d may be arranged to provide a 
coordinated Stepping engagement. 
0283 FIG. 11 schematically illustrates an actuation unit 
800 according to an eighth embodiment. FIG. 12 schemati 
cally illustrates drive signals for the actuation units of FIG. 
11. This embodiment is similar to the one described with 
respect to FIG. 3 for applications requiring higher pulling 
force. The actuation unit 800 comprises a flexible substrate 
802 is arranged in an upper housing 807a and carries two or 
more actuators 801a, 801b, which are individually drivable. 
Gripping members 806a, 806b protrude from the respective 
actuator towards the movable member 820, which may be a 
compression member or a connection part connected thereto. 
0284 Bias springs 803a, 803b may be provided in a lower 
housing 807b for biasing the movable member 820 towards 
the gripping members 806a, 806b. Additional biasing may be 
provided by the flexible substrate 802. 
0285. In an alternative arrangement, the bias springs 803a, 
803b can be replaced with another group of actuators. The 
operation is similar to the case with bias springs, except that 
higher forces can be realized. In Such a situation, opposing 
actuators, positioned opposite the compression member 820, 
would be driven in phase with each other such that each pair 
of opposing actuators, or opposing gripping members, will 
act to grip and release the compression member 820. In addi 
tion, in Such an alternative embodiment, the compression 
member 820 may be provided with a ratchet-like texture on 
both of its actuator facing Surfaces. 
0286. In this embodiment, the actuators 801a, 801b may 
be drivable with a phase lag or delay P. for example as indi 
cated by FIG. 12, which indicates the signals Sso, Ssos. 
Sso, Ssos, to the respective electrode set 804a, 805a, 805a, 
805b of the respective actuator 801a, 801b 
(0287. By activating the first electrode set 804a, 804b of the 
respective actuator 801a, 801b, a gripping member move 
ment corresponding to reference numeral R1 may be pro 
vided, resulting in a tightening movement D1 of the movable 
member 820. 



US 2010/0056966 A1 

0288. By activating the second electrode set 805a, 805b of 
the respective actuator 801a, 801b, a gripping member move 
ment corresponding to reference numeral R2 may be pro 
vided, resulting in a releasing movement D2 of the movable 
member 820. 

0289 Hence, the actuators may be controlled such that at 
any point in time, at least one of the gripping members 806a, 
806b is in force transferring contact with the movable mem 
ber 820. Thus, the gripping members 806a, 806b may “walk' 
on the movable member 820. 

0290 The gripping members 806a, 806b may be asym 
metric, microribbed or V-shaped, as indicated in FIGS. 25a 
25b, 26a-26e, 27a-27l or 28a-28?. Also, the movable member 
820 may be provided with a microribbed structure for inter 
action with the structure of the gripping member 806a, 806b. 
Alternatively, static friction can be relied on for generating a 
static holding force. 
0291. The actuation units themselves can be built in an 
asymmetrical way Such that the pulling force and return force 
are tailored to the requirements of the compression applica 
tion. Compression applications in general do not require high 
return force, so by utilizing the majority of the active material 
in the pulling phase of the compression, one can maximize the 
pulling force while minimizing the amount of active material 
and still maintaining reasonable movement for the return 
stroke (at lower force levels). 
0292 High force capability is obtained by the coordinated 
stepping movement, whereby one gripping member always 
contacts the movable member. Also, the provision of a high 
strength flexible substrate 102 increases the force capability 
by providing Support for the active material, better acoustic 
quality and higher fatigue strength, allowing a larger biasing 
force between the gripping member and the movable mem 
ber, without damaging the active material. This also allows 
for shaping the vibration waves for resonant operation. 
0293. The combination of the static friction properties of 
the interface and the bias force can also be used as a config 
urable mechanical fuse. If the external force exceeds the 
maximum force Sustainable at the interface between the grip 
ping member and the compression member, it will start to 
slip. This mechanical fuse can be used to provide an extra 
level of mechanical safety for the user and/or as a means of 
protecting the internal components of the actuator units. 
0294 FIGS. 13a-13a schematically illustrate an actuation 
unit 900 according to a ninth embodiment. In this embodi 
ment, the movable member, i.e. compression members 920a, 
920b, or connection members connected thereto, are pro 
vided with a ratchet structure or a series of perforations 922. 
0295 The gripping member 906 may take the form of a 
hook extending from a base fixture 921, the hook being bend 
able and expandable/contractable by respective actuators 
901a, 901b. Hence, the actuators comprise bending actuators 
for controlling the gripping member between agripping posi 
tion and a non-gripping (or repositioning) position; and 
extension actuators for providing the pulling motion or re 
positioning motion. At the outer portion of the gripping mem 
ber, a hook or other type of positive interlocking device is 
formed for interaction with the ratchet structure or perfora 
tions 922. 

0296. The ratchet structure may extend in a direction par 
allel with the movable member's direction of motion, and 
may comprise at least two, possibly three or more parallel 
ratchet structures. 
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0297. The gripping members may be arranged to be driven 
with a delay between their respective cyclic motions, such 
that, at any point in time, at least one of the gripping members 
is inforce-transferring engagement with its associated ratchet 
structure. For example, the actuators controlling the exten 
sion of the gripping members may be driven at a 180 degree 
phase delay, whereas the actuators controlling the bending of 
the gripping members may be driven at a 90 degree phase 
delay. Preferably, shaped (i.e. non-sinusoidal) waveforms are 
used. Hence, there is always a positive clamping of the mov 
able member. Thus, referring to FIG. 13c, a pair of gripping 
members 906 engaging a movable member 920a on one side 
of the actuation unit 900 may perform the movements indi 
cated by R1 and R1', wherein R1 and R1" may be delayed 180 
degrees, i.e. half a period. Similarly, gripping members 906 
on the other side of the actuation unit 900 may perform 
similar movements. In FIG. 13c, a retreating movement is 
indicated by R2 and R2, wherein R2 and R2' may be delayed 
180 degrees, i.e. half a period. 
0298. The gripping members 90.6 may be arranged within 
an interior space of a housing 907a, 907b. An electrolyte for 
electrochemically activated polymer actuators may be 
arranged in the space. In addition, a counter electrode may be 
printed along the interior walls of the guide member 907a, 
907 b. 

0299. It is recognized that the actuation unit of FIGS. 
13a-13c can be provided as double sided or single sided, i.e. 
operating on one or two movable members 920a, 920b. 
0300. The positive gripping provided by the actuation unit 
900 enhances force capability. 
0301 An alternative in this case is that the gripping mem 
ber 906 is simply a passive piece that is formed onto or out of 
the outermost tip of the actuator 901. In this sense, it could be 
a hook-like structure that is bonded to the actuator but it could 
also be a piece that is punched or pressed out from a passive 
material at the end of the actuator. The gripping member may 
also be the flexible substrate onto which the actuators are 
manufactured and the tip could either be a molded member of 
that Substrate, or deposited separately onto the Substrate dur 
ing manufacture. 
0302. The actuation unit of FIGS.13a-13c is mostamend 
able to polymer and memory alloy type active materials as the 
lack of pre-compression and the requirement for tensile 
forces negates the use of ceramic type active materials, which 
may crack when Subjected to tensile stresses. The ratcheting 
mechanism of the compression member accommodates natu 
ral creep of the actuators through their number and spacing. 
0303 FIGS. 14a-14g schematically illustrate an actuation 
unit 1000 according to a tenth embodiment. This actuation 
unit comprises a movable member 1020, connected to a first 
compression member and a guide member 1023 connected to 
another compression member 20, which may extend in a 
direction opposite to the first connection member. The guide 
member may comprise a channel or other tubular structure, 
having an arbitrary cross section, and extending Substantially 
parallel with an intended direction of movement of the mov 
able member, whereby the gripping member is movable 
inside the channel or tubular structure. 

0304. A gripping member, connected to the movable 
member 1020, comprises first and second longitudinally 
spaced-apart clamp members 1006a, 1006b, which are con 
trollable for releasable engagement with the guide member 
1023. 
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0305. In the embodiment illustrated in FIGS. 14a-14g, the 
clamp members 1006a, 1006b may be individually control 
lably expandable and contractable in a direction transverse of 
the direction of movement, so that the clamp members 1006a, 
1006b may engage the guide member, e.g. inner walls of a 
channel, to lock the gripping member relative to the movable 
member. 
0306 The gripping member may further comprise a lon 
gitudinal movement member 1006c extending between the 
clamp members. The longitudinal movement member 1006c 
may be controllably expandable and contractable in a direc 
tion parallel with direction of movement. 
0307 Cables 1024 for controlling the clamp members 
1006a, 1006b and the longitudinal movement member 1006c 
may be included in the structure. 
0308 Alternatively, the guide member may comprise a 
track or guide rail, whereby the clamp members wholly or 
partially encircles the track or guide rail. 
0309 The actuation unit 1000 of FIG. 14a can provide 
high force capability by provision of a textured surface on the 
clamping members and on the guide member. Such texturing 
can easily be implemented as a final step in the manufacture 
of monolithic actuator units. Texturing may also be applied to 
the clamp member facing Surfaces of the guide member. 
Force capability is improved by the fact that there is always 
one clamp member maintaining contact with the guide mem 
ber. 
0310. The actuation unit 1000 may be operated as follows: 
0311 Referring to FIG. 14b, a first clamp member 1006a 
may be disengaged, while the second clamp member 1006b is 
engaged. Referring to FIG. 14c., the longitudinal movement 
member 1006c is elongated. The second clamp member 
1006b remains engaged. Referring to FIG. 14d, the first 
clamp member 1006a is engaged. The second clamp member 
1006b remains engaged. Referring to FIG. 14e, the second 
clamp member 1006 is disengaged, while the first clamp 
member 1006a is engaged. Referring to FIG. 14f the longi 
tudinal movement member 1006c contracts. The first clamp 
member 1006a remains engaged. Referring to FIG. 14g, both 
clamp members 1006a, 1006b are engaged, whereby the 
actuator has moved a distance D, as indicated in the figure. 
0312. Using the principles outlined with respect to FIG. 
14a-14g, it is possible to provide locking upon power 
removal. Static friction between the guide member and the 
clamp members may be used, or alternatively, ratchet struc 
tures may be provided on the guide member and/or the clamp 
members. It is also possible to provide this arrangement rela 
tively silent, using polymer actuators or ceramic ones. 
0313. In the case that the longitudinal member is of a 
constricting type (constricts during activation rather than 
expands as depicted in FIGS. 14b-g), then the sequence of 
operation for the clamping members is to be reversed from 
that shown in FIGS. 14b-g. 
0314. It is preferable that the actuator 1006a, 1006b, 
1006c is constructed as a monolithic block. In that way, 
electrode sets for the longitudinal movement member 1006c 
and the first and second clamping members 1006a, 1006b can 
be printed automatically during the actuator layering process. 
A monolithic block also requires less reinforcements at the 
fastening points 1012 as Such connections are made automati 
cally as a result of the manufacturing process. 
0315. The embodiment of FIGS. 14a-14g is not very well 
Suited to ceramic type longitudinal actuators without alter 
ations to the clamp members. The reason for this is that 
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generally, ceramic type actuators operating in longitudinal 
mode cannot provide Sufficient stroke to disengage the guide 
member without strict manufacturing tolerances. In the case 
of a ceramic type actuator, the clamp members could be 
bimorph in nature to generate Sufficient Stoke length so as to 
disengage the guide member during operation. 
0316. As an alternative to ceramic type actuators, single 
crystal actuators can achieve Sufficient stroke in a longitudi 
nal mode such that the clamping members can engage and 
disengage the guide member. 
0317. The approach of FIGS. 14a-14g is quite amendable 
to polymer actuators in general. In the case of electrochemi 
cally activated polymer actuators, the space around actuator 
1006 would be filled with a suitable electrolyte. A counter 
electrode can be printed on the inside surface of the guide 
member and perforations or longitudinal trenches could be 
formed on the longitudinal member so as to facilitate rapid 
ingress and egress of ions from the electrolyte into the poly 
mer and vice versa during operation. The detailed design of 
Such trenches is best facilitated by computer simulation and 
experimental validation to determine ultimate operating 
speeds, stresses and pulling capabilities for a particular 
design. 
0318. The surfaces of the clamping actuators 1006a and/or 
1006b or the channel with which they interface may be mod 
eled so as to have micro-formed ridges as per FIGS. 24-28 so 
as to increase the gripping force that they can apply to the 
housing track. Therefore the gripping force of the actuator 
can be increased beyond that available from simple smooth 
track and clamp Surfaces. The spacing of Such a ratchet pat 
tern must be less than the maximum stroke length of the 
primary actuator section 1006c. 
0319 FIGS. 15a-15b schematically illustrate an actuation 
unit 1100 according to an eleventh embodiment. In this 
embodiment, the actuator 1101, attached to a mounting har 
ness 1126, may be arranged to cause the gripping member 
1106 to perform a reciprocating motion, having a component 
in a plane substantially parallel with an intended direction of 
movement D1 of the movable member 1120a, 1120b. The 
movable member 1120a, 1120b may be clamped between 
two actuators 1101 or between an actuator 1101 and a mount 
ing base 1121, as illustrated in FIGS. 15a-15b. 
0320 Between the gripping member 1106 and the mov 
able member 1120a, 1120b, there may be provided a rectifi 
cation device 1125a, 1125b providing a high friction between 
the gripping member 1106 and the movable member 1120a, 
1120b during a first part of the reciprocating motion, wherein 
the gripping member moves in a first direction (DP) in the 
plane, and providing low friction between the gripping mem 
ber 1106 and the movable member 1120a, 1120b during a 
second part (DS) of said reciprocating motion, wherein the 
gripping member moves in a second, opposite direction. 
Thus, during the first part (DP) of a stroke, the rectification 
device will cause the movable member 1120a, 1120b to fol 
low the gripping member's 1106 motion, whereas during the 
second part of the stroke, the rectification device will allow 
the movable member 1102a, 1120b to slip relative to the 
gripping member 1106. The mounting base and the actuators 
may be lightly biased towards each other. 
0321) Such rectifying devices may be arranged also 
between the mounting base 1121 and the movable member. 
0322. As an example of a rectifying device, inclined or 
asymmetric or inclined microfilaments may be mentioned. 
Non-limiting examples include plastic or metallic needle fila 
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ments. Inclined lips or ridges may also be provided. The 
actuator needs to move more than the engagement/disengage 
ment distance of the rectifying device, to ensure a positive net 
moVement. 

0323 Particularly suitable actuator materials comprise 
electroactive polymers of either ferroelectric or conducting 
polymer classification, shape memory alloys or piezoelectric 
crystals or ceramics. Piezoelectric versions may require bias 
springs to be provided as illustrated in e.g. FIG. 3. Polymer 
versions could include rolled actuators or actuator arrays or 
multilayered actuators, with the layering being parallel to the 
movable member. 
0324. The actuator could be a single actuator mounted on 
the mounting harness. Alternatively, the mounting harness, 
mounting base and actuator may be molded or otherwise 
constructed together. 
0325 The biasing force F, clamping the movable member 
1120a, 1120b between the gripping member and the mount 
ing base 1121 may be applied in a perse known manner. 
0326. The actuation unit 1100 illustrated in FIG. 15a may 
be a one-way device, without capability of providing a con 
trolled release of the movable members 1120a, 1120b. 
0327. As is illustrated in FIG. 15b, the actuation unit 1100 
of FIG. 15a may be modified into an actuation unit 1100', 
which is capable of controlled release of the movable mem 
bers 1120a, 1120b. This may be achieved by providing a 
device 1127, 1128, e.g. a tweezer mechanism, which upon 
actuation causes the rectification device 1125a, 1125b to at 
least partially disengage from the movable members 1120a, 
1120b, thereby allowing movement in any direction, includ 
ing a releasing movement. Such a tweezer mechanism may 
alleviate the biasing force F and/or act so as to separate the 
actuator 1101 from the mounting base 1121. 
0328. Another option for allowing disengagement could 
be to allow the gripping member to move away from the 
movable member, e.g. by a folding mechanism. 
0329. Alternatively, the rectification device could be pro 
vided on the movable member 1120a, 1120b, instead of on 
the gripping member and on the mounting base 1121. 
0330. In another option, the microfilaments of the rectifi 
cation device 1125a, 1125b could be constructed from active 
material bending actuators. Upon activation, they can retract 
into the gripping member 1106 and the flexible base 1121 
thereby disengaging the actuator 1101 from the movable 
members 1120a, 1120b. The motion of the active material 
microfilaments and the actuators could be coordinated in the 
event that one wanted a controlled retreat of the movable 
member. 
0331. The force capabilities of this design are determined 
by the ratio of the engage/disengage distance of the rectifica 
tion mechanism and the stroke length of the actuators, and the 
force capabilities of the, actuators. As there is no need for a 
direct biasing mechanism, Suitable engagement can be 
attained with a light bias, the efficiency of this actuation 
mechanism can be very high. 
0332 Furthermore the rectifying means may comprise a 
ratchet structure arranged for interaction with said inclined 
microfilaments. Such a ratchet structure may be arranged on 
the Surface or Surfaces facing the microfilaments to provide 
positive interlocking by interaction with the microfilaments. 
0333 FIG. 16 schematically illustrates an actuation unit 
1200 according to a twelfth embodiment, wherein the actua 
tion unit 1200 is arranged to control a radial distance DR 
(FIG. 4) between the body part 2 and the movable member 
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(compression member 1220, or a connection member con 
nected to the compression member). In this embodiment, the 
compression member encircles the body part and the actua 
tion unit is arranged between the body part and the compres 
sion member. When activated, the actuation unit locally 
pushes the compression member away from the body part, 
thereby effectively tightening the compression member. 
0334 The actuation unit may comprise a mounting base 
1221, extending between two circumferentially spaced apart 
portions of the movable member 1220. A controllably bend 
able actuator element 1201 may be provided to control a 
radial distance DR, along the line L of symmetry, between the 
mounting base 1221 and the movable member 1220. A central 
portion of the actuator element 1201 may bear against an 
inside of the movable member 1220, whereas the edges or tips 
of the actuator element 1201 may interact with a ratchet 
structure 1222 arranged on or integrated with the mounting 
base. The actuator 1201 may be supplemented by a spring 
1230, which may be suitably biased towards the tightened 
(P2) or towards the released position (P1). There may also be 
provided a spring element 1231 at the outermost edge of the 
mounting base 1221, this outermost spring element being 
arranged to provide a, force having a radial component 
towards the movable member 1220. Such a spring element 
may improve force transmission to deformation ratio to fur 
ther improve performance. 
0335. The actuation unit 1200 of FIG. 16 may operate as 
follows. In the loosened position P1 shown in the upper part 
of FIG.16, the edge of the actuator element 1201 is in engage 
ment with an outermost portion of the ratchet structure 1222. 
By activating the actuator element 1221, it bends, together 
with the spring 1230, thereby causing its central portion to 
move away from the mounting base 1221 in a radial direction, 
along the line of symmetry L. While bending, the edge of the 
actuator element shifts along the ratchet structure 1222, 
which may prevent it from moving backwards. 
0336 Turning to the lower portion of FIG. 16, which 
shows the actuation unit 1200 in its tightened position P2, it is 
noted that a net tightening effect AP is achieved. 
0337 The embodiment of FIG.16 may either operate as a 
hopping actuator, or two actuators 1201 may be arranged in 
parallel and be individually controllable. This process can 
also be reversed for releasing the compression member. 
0338 Alternatively, to release the actuation unit 1200 of 
FIG. 16, a reversed hopping movement may be used, or a 
separate disengagement mechanism may be provided. 
0339 For example, controlled retreat of the actuation unit 
can beachieved by using an actuator with multiple configured 
electrode sets. Coordinated activation of both electrode sets 
can create elliptical motion at the contact point between the 
actuator 1201 and the ratchet structure 1222 that has either a 
clockwise or counterclockwise direction sense. The motion 
of this embodiment, in general, would be similar to that as 
described in FIG. 10b-d for an inertial (hopping) configura 
tion. 

0340. This approach may be very useful for active mate 
rials that require pre-compression, such as ceramics. It may 
also be useful for some polymer actuators to bond them to the 
flexible substrate in a stretched state so as to maintain the 
property enhancements that are achieved through Such 
stretching. An example is ferroelectric polymers, wherein the 
dielectric breakdown strength is significantly increased as the 
polymer chains align during such pre-stretching. 
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0341 FIG. 17 schematically illustrates an actuation unit 
1300 according to a thirteenth embodiment, which is a pos 
sible practical application of the embodiments disclosed in 
FIGS. 5a-5C or 9. The actuation unit 1300 of FIG. 17 com 
prises a housing 1307 having one or two openings for a 
movable member 1320. Only one movable member is shown 
in FIG. 17, but it is recognized that two or more members may 
be provided. Actuator arrangements comprising respective 
actuators 1301, bias springs 1303, electrode sets 1304, 1305 
and gripping members 1306 are indicated. The actuator 1301 
may be mounted by mounting points 1311 in a mounting 
bracket 1340. A spindle 1309 is provided at a central, portion 
of the actuation unit 1300, extending between respective 
wheels 1308 having respective contact surfaces 1310 for 
interaction with the respective gripping member 1306. 
Hence, the wheels 1308 formatransmission mechanism 1318 
from the gripping member 1306 to the spindle 1309. 
0342. In the embodiment of FIG. 17, a high force capabil 

ity can be provided by the active material portion of the 
actuator being fixed relative to the mounting bracket 1340 
only at its nodes (points or lines of minimal vibration), i.e. the 
mounting points 1311 coincide with the nodes of the excited 
active material portion. This provides maximum vibration 
Velocity and alleviates manufacturing tolerances on the hous 
ing. Also, the mounting bracket 1340 may be a flexible har 
ness, which may be biased towards the wheel 1308. 
0343 FIG. 18 schematically illustrates an actuation unit 
1400 according to a fourteenth embodiment. In this embodi 
ment, each primary actuation unit 1401 a partially encircles 
the body part 2. The primary actuation unit 1401 is arranged 
to provide a stepwise compressive force to the body part 2, by 
interaction between a ratchet structure 1422 and gripping 
member 1406 connected to the primary actuator 1401a. The 
embodiment illustrated in FIG. 18 may operate in a manner 
similar to what has been described with respect to FIGS. 11 
and 13a-13c, i.e. having coordinated gripping members oper 
ating in parallel. Such that there is always one gripping mem 
ber engaging the ratchet structure, while the other gripping 
member moves relative to the ratchet structure. 
0344) The fact that there is always one gripping member 
engaging the ratchet structure, provides for high force capa 
bility. 
0345 Also, by arranging the device of FIGS. 18-20 to pull 
only in its passive state and to expand in its active state, the 
device will self lock when no power is applied to it, thereby 
reducing power consumption. 
0346. The primary actuator 1401a may be expandable and 
contractable in a circumferential direction, i.e. it is variable in 
length and wrapped around the body part. At a first end or 
edge, the primary actuator 1401 a may be attached to a hous 
ing 1407, which may contain electronics and connectors etc. 
At a second end or edge, the primary actuator 1401a engages 
the ratchet structure 1422. 
0347 Between the respective primary actuator 1401a and 
the body part, there may be an inner layer 1445, which at one 
end or edge is attached to the housing 1407, and at a second 
end or edge is provided with an attachment device 1411 for 
attachment to the other inner layer. The ratchet structure 1422 
is arranged near the second end or edge of the inner layer 
1445. The ratchet structure 1422 may have locking surfaces 
facing away from the primary actuator 1401 a. 
0348. At the second end of the primary actuator 1401a, a 
gripping member 1406 having a secondary actuator 1401b 
may be arranged, which is to interact with the ratchet struc 
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ture 1422. The gripping member 1406 may be attached at the 
second edge of the primary actuator 1401a and extend 
towards the first edge of the primary actuator 1401.a. Further 
more, the gripping member may be bendable away from the 
primary actuator 1401 a towards the ratchet structure, Such as 
to form a protruding edge, which may engage a locking 
surface of the ratchet structure to lock the primary actuator 
1401 a relative to the ratchet structure 1422. The bending of 
the gripping member 1406 may be provided by a secondary 
actuator 1401b, which together with the gripping member 
1406 may form a bi-layer structure. 
0349. Outside the gripping member, and connecting the 
outside of the primary actuator 1401a and the inner layer 
1445 may be a cover structure 1442, which may also serve as 
a biasing member for biasing the gripping member towards 
the ratchet structure 1422. 
0350 FIGS. 19a–19b illustrate a first design of the grip 
ping member 1406, wherein a tip spring 1443 is arranged to 
enclose the edge of the primary actuator 1401a, possibly with 
a reinforcement structure 1441 provided between the edge 
and the tip spring 1443. The secondary actuator 1401b may be 
arranged on the inside of the gripping member so as to pro 
vide a bendable bi-layer structure. 
0351 FIGS.20a-20b illustrate a second design of the grip 
ping member 1406, wherein the secondary actuator is pro 
vided at least partly in a recess in the primary actuator 1401a. 
The secondary actuator 1401b is made bendable, with one 
end of it attached to an end of the recess and the other end of 
it provided with a gripping member 1406. 
0352. In the configuration of FIGS. 20a, 20b the second 
ary actuator 1401b and the primary actuator 1401a may both 
be constructed from one monolithic piece of active material. 
This monolithic unit may have multiple electrode patterns for 
both the primary actuator and the secondary actuator. It is 
possible to route the signal wires for the secondary actuator 
along the internal layers of the primary actuator back to the 
base within the housing 1407. The gripping member 1406 
may comprise an extra component that is bonded to the active 
material, and may include a wear resistant coating, or it may 
be an extension of the active material itself, but without elec 
trodes and therefore inactivated. In addition, the reinforce 
ment region 1441 can most simply be active material that is 
unelectroded, i.e. inactive. A simple bus bar 1444 can be used 
to connect the internal electrodes of the secondary actuator 
layers to the signal traces for the secondary actuator that may 
run through or along the primary actuator. This way, the entire 
structure can be manufactured in an automated way reducing 
assembly requirements. In addition, in this configuration, all 
of the actuator electrical connections can be made in the 
housing and all electrical traces can be sealed off from the 
environment. 
0353. In a configuration with primary actuators that can 
contract instead of expand, the cover structure 1442 will 
return the actuator to its original shape upon deactivation. In 
this sense, the gripping member advances along the compres 
sion member during the turn off phase of the actuation cycle 
and the compression level is increased during the activation 
phase of the actuation cycle. Such an actuation cycle will be 
observed in a memory alloy implementation of the embodi 
ment. 

0354. This embodiment is suitable for polymer and shape 
memory materials. In particular it is very Suitable for shape 
memory materials. The reason for this is that shape memory 
materials are very robust and can withstand the wear and tear 
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of the Surrounding environment, since they don't require elec 
trolytes that can leak or have thin sensitive dielectric layers 
that can be punctured. Also the embodiment allows for rapid 
compression with the shape memory material during the heat 
ing cycle with a slower reset during the cooling cycle. Full 
advantage can be taken of impulse heating for the memory 
material, thereby achieving extremely rapid pressure onset 
rates (which is suitable for ECP or impulse DVT applications) 
and maximum stroke can be achieved per actuation cycle, 
given the long length of the primary actuators. Finally, the 
configuration can employ power down pressure maintenance 
so that power must only be provided to the active material 
during movements. In this way, the overall device efficiency 
in applications requiring significant high-pressure duty 
cycles can be maintained at a relatively high level, even with 
temperature activated memory materials or more inefficient 
polymer materials. 
0355 The actuation unit 1400 of FIGS. 18-20b may oper 
ate as follows. 
0356. First, the compression device is arranged around the 
body part, and the second edges of the inner layer 1445 are 
joined by the fasteners 1411, so that the compression device 
fits Snuggly around the body part. 
0357. As an optional second step, the gripping member 
1406 is caused to engage a portion of the ratchet structure 
1422, which is at the part of the ratchet structure that is closest 
to the housing 1407. 
0358. Third, the primary actuator 1401a is activated so as 
to expand, thereby causing the gripping member 1406 to be 
displaced towards the end of the ratchet structure 1422, which 
is farthest away from the housing 1407. 
0359. As the primary actuator 1401a is expanded, the grip 
ping member 1406 may be pushed over a ramp Surface and 
into engagement with the next locking Surface of the ratchet 
structure 1422. Alternatively, the secondary actuator 1401b 
may be used to disengage the gripping member from its 
engagement with the ratchet structure, and then to re-engage 
with the next locking Surface. 
0360 FIG. 21 is a block diagram, schematically illustrat 
ing components of the compression device. According to the 
design strategy illustrated in FIG. 21, an active material 
actuator 1502, controlled by a controller 1501 may be 
arranged to interact with a compression member 1507 via a 
motion rectification device 1505. Optionally, a motion ampli 
fying mechanism 1504 may be provided between the active 
material actuator 1503 and the motion rectification device 
1505. Also optionally, a transmission mechanism 1506 may 
be provided, as in FIGS. 5a-5c, 8a-8b and 9, between the 
motion rectification device 1505 and the compression mem 
ber 1507. Also optionally, a biasing element 1503 may be 
provided to bias the active material actuator 1502 towards the 
motion amplifying mechanism 1504, if any, or towards the 
motion rectification device 1505. 
0361 FIG. 22 is a block diagram, schematically illustrat 
ing components of the compression device according to 
another embodiment. According to the design strategy illus 
trated in FIG. 22, a primary actuator 1602, controlled by a 
controller 1601 may be arranged to interact with a compres 
sion member 1607 via a motion rectification device 1605. 
Optionally, an engagement/disengagement actuator 1608 
may be provided for controlling the primary actuator's 1602 
engagement with the motion rectification device 1605. The 
engagement/disengagement actuator 1608 may also be con 
trolled by the controller 1601. Optionally, a biasing element 
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1603 may be provided to bias the active material actuator 
1602 towards the rectification device 1605. 
0362 FIG. 23 is a block diagram, schematically illustrat 
ing components of the compression device according to yet 
another embodiment. In this design strategy, a controller 1701 
controls two actuator sets 1702a, 1702b operating in parallel, 
and which may be provided with a respective biasing element 
1703a, 1703b. The actuator sets 1702a, 1702b may engage a 
compression member 1707 via a motion rectification device 
1705. 
0363 FIGS. 24a-24b schematically illustrate gripping 
member designs according to a first embodiment, wherein the 
gripping member 1806 tapers from the actuator facing side 
1850 towards the Movable member facing side 1851. 
0364 FIGS. 25a-25b schematically illustrate gripping 
member designs according to a second embodiment, wherein 
the gripping member tapers, just like in FIGS. 24a-24b, but 
wherein the gripping member is arrow-shaped. Such a tip 
may be oriented so that no edge can catch on the movable 
member, and also helps keep desirable forces on the movable 
member so that it stays straight during tightening. 
0365 FIGS. 26a-26e schematically illustrate gripping 
member designs according to a third embodiment, wherein 
the gripping member 2006 tapers from an actuator facing side 
2050 towards the movable member facing side 2051, and 
wherein the latter side is microribbed according to any one of 
the patterns provided in FIGS. 26b-26e. From FIGS. 26b-26e, 
it is recognized that the gripping member designs indicated in 
FIGS. 24a-24b and 25a-25b may be combined with micror 
ibs, providing a ratchet structure on the gripping member. By 
providing asymmetric teeth on the ratchet structure, grip on 
the movable member may be further enhanced. V-shaping 
may facilitate removal of particles (dust, dander) from the 
ratchet structure, and may also provide acoustic dampening. 
0366 FIGS. 27a-27l schematically illustrate further grip 
ping member designs, all of which being intended to move in 
a main direction from right to left vis-a-vis a movable mem 
ber. The gripping member may be provided with an alignment 
through 2760 extending in the main direction, as is illustrated 
in FIGS. 27a, 27b, 27d, 27?. 27g and 27l. Such alignment 
troughs 2760 may be used to control the direction of move 
ment of the movable member, to avoid deviations, and may be 
provided on the gripping member and/or on the movable 
member. Basically, any interacting alignment structures may 
be provided on the gripping member and on the movable 
member (whether a wheel or a strap) for ensuring that the 
relative movement between the gripping member and the 
movable member follows an intended direction. 
0367 Alignment troughs 2760 can be used in conjunction 
with matching structures on the compression member or 
movable member Surface to maintain alignment during the 
compression cycle. Alternatively such designs can be pat 
terned onto the compression member or movable member 
Surface so as to interact in an advantageous way with the 
gripping member Surface. Matching patterns on both the grip 
ping member and the compression member can be used to 
enhance force capabilities of the interface (through positive 
locking of the two Surfaces), maintain alignment during each 
stroke, keep the compression member centered with respect 
to the actuation unit, etc. 
0368 Embossed alignment members 2761 can be used in 
conjunction with matching structures on the gripping mem 
ber Surface to maintain alignment during the compression 
cycle. 
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0369 FIGS. 28a–28f schematically illustrate further alter 
native gripping member designs. 
0370. Whereas the actuators have been described for use 
with a compression member in a compression treatment 
device. Such actuators may have further areas of application, 
Such as for seatbelt tightening, high force cable drives, cable 
winding mechanisms, continous sheet processing equipment, 
adjustable belt drive tightening systems, adjustable flow 
restrictors, peristaltic pumps, etc. 
0371. It is noted that in embodiments where lacking sur 
faces (FIGS. 10a-10d, 13a-13a, 16, 18, 19a–19b, 20a-20b, 
occur, the, spacing between two adjacent locking Surfaces 
may be less than the maximum available stroke length of the 
actuator. In some embodiments, the spacing of the locking 
surfaces may be set at a fraction of the available stroke length 
of the actuator, such that under low force conditions (little 
compression) the actuator can step over a plurality of locking 
Surfaces with each stroke, but as the compression member 
tightens around the body part (increased compression levels) 
and the actuator steps become Smaller (due to the increased 
force from the compression member), the resulting spacing of 
the locking Surfaces is still Sufficient that at least single steps 
can be made with each complete actuator stroke. Thereby one 
means of limiting the force capabilities of this configuration 
is by design of the ratio between the locking Surface spacing 
and the available actuator stroke length. When the force 
requirement exceeds the capability for the actuator to take at 
least a single step, the rectification will be lost and the com 
pression member will no longer be able to further advance. 
0372. It is recognized that the actuators disclosed herein 
may be used in any application wherein a strap is to be 
tightened around an object or for pulling a strap. Hence, the 
disclosure herein is not limited to devices for compressive 
treatment of body parts, but to any device for tightening or 
pulling a strap. 

1-117. (canceled) 
118. A device for compressive treatment of a body part, the 

device comprising: 
a compression member, adapted to at least partly encircle 

the body part, and 
an actuation unit, arranged to tighten the compression 
member to provide a compressive force to the body part, 

the actuation unit comprising an active material actuator 
wherein a gripping member is connected to the actuator to 

perform a cyclic motion, and 
wherein the gripping member is arranged to engage amov 

able member, connected to the compression member. 
119. The device as claimed in claim 118, wherein the 

actuation unit is arranged to stepwise tighten the compression 
member. 

120. The device as claimed in claim 118, wherein the 
movable member, during a first part of the cyclic motion is 
movable with the gripping member, and during a second part 
of the cyclic motion is movable relative to the gripping mem 
ber. 

121. The device as claimed in claim 118, wherein during 
the first part of the cyclic motion, the gripping member is in a 
force-transferring engagement with the movable member, 
and wherein, during the second part of the cyclic motion, the 
force-transferring engagement is eliminated or Substantially 
reduced. 
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122. The device as claimed in claim 118, wherein a fre 
quency of the cyclic motion is in the range of about 1 to 200 
HZ, about 0.2 to 20 kHz or about 20 kHz to 1 MHz. 

123. The device as claimed in claim 118, further rectifica 
tion means for providing a one-way motion of the movable 
member. 

124. The device as claimed in claim 118, wherein the 
movable member comprises a rotatable part, which is rotat 
ably arranged about a Substantially central axis, and wherein 
the gripping member is arranged to act on a Surface of said 
rotatable part. 

125. The device as claimed in claim 124, wherein the 
gripping member is arranged to engage a Surface of the rotat 
able part, at a distance from the central axis, 

wherein a spindle is rotatable about said central axis and 
connected to the rotatable part, and 

wherein the compression member or a connection member, 
connected to the compression member, is windable onto 
the spindle. 

126. The device as claimed in claim 125, wherein effective 
diameters of the rotatable part and the spindle member are 
different. 

127. The device as claimed in claim 124, wherein the 
actuation unit comprises two actuators, which are individu 
ally drivable. 

128. The device as claimed in claim 118, wherein the 
device is sized and adapted to form a sleeve around the body 
part. 

129. The device as claimed in claim 118, wherein the 
actuation unit and the compression member, if any, form an 
active layer, and wherein the device comprises at least one of 

a sensor layer, arranged between the active layer and the 
body part; 

an inner layer, arranged between the sensor layer, or the 
active layer, and the body part; and 

an outer layer, arranged outside the active layer. 
130. The device as claimed in claim 129, wherein the inner 

layer and the sensor layer are integrated to form a disposable 
layer. 

131. The device as claimed in claim 130, wherein said 
disposable layer comprises means for mechanically and/or 
electrically connecting with the active layer. 

132. The device as claimed in claim 129, wherein said 
disposable layer comprises means for transferring a signal 
from the disposable layer to the active layer or to an control 
unit, which is external to the device. 

133. The device as claimed in claim 129, wherein the inner 
layer is in the form of a disposable stocking. 

134. A system comprising a device as claimed in claim 118, 
and a control unit, connected to the device and arranged to 
provide a control signal to the device. 

135. The system as claimed in claim 134, comprising a 
sensor layer including at least one sensor element, and 
wherein the control unit is arranged to receive a feedback 
signal from the sensor. 

136. The system as claimed in claim 134, wherein the 
control unit is at least partially integrated with the device. 
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